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Air Force Research Laboratory, 711 HPW/RHCI 
Wright Patterson AFB, Ohio 
 
Heath Ruff 
Ball Aerospace & Technologies Corp. 
Fairborn, Ohio 
 
Timeline displays are a promising user interface concept for supervising multiple unmanned 
vehicles. The essentials of a timeline display include a timescale, current time indicator, and lines 
overlaid with symbology to represent the duration and timing of events such as refueling, transit to 
destinations, and mission durations. Little research has investigated alternatives to portraying time 
and events. The present study investigated two ways to portray the passage of time: a moving 
timeline with a stationary current-time indicator, and a stationary timeline with a moving current-
time indicator. Participants viewed videos of dynamic timelines portraying the passage of time 
these two ways, and also at two speeds of movement. While watching the videos they answered 
questions requiring information retrieval and temporal problem solving. Participants answered 
more quickly and accurately with the moving timeline condition at the faster movement speed, 
particularly on questions requiring planning decisions. 
 
Recent advances in automation have enabled unmanned vehicles to operate semi-autonomously. In this 
context, vehicle operators will shift away from actively controlling the vehicles to supervising multiple vehicles that 
essentially pilot themselves. This new work setting will be challenging, requiring operators to continually monitor 
missions as they are performed, problem solve, and dynamically re-plan missions in response to changing conditions 
in the environment and situation (Scott, Mercier, Cummings, &Wang, 2006). 
 
To effectively manage multiple unmanned vehicles, operators will need interface technology providing 
effective visualizations of vehicle operations. Command and control displays have traditionally included map-based 
displays that allow operators to monitor manned or unmanned vehicles in geospace. However, situation awareness 
and proactive management of unmanned assets may also be improved through interfaces that portray the temporal 
dimension. Limited research supports this view. A relatively simple temporal display was found to facilitate 
scheduling performance better than a typical geospatial display in a simulated weapon-target scheduling task for a 
manned, single-ship naval warfare scenario (Rousseau, Tremblay, Lafond, Vachon, & Breton, 2007). A coordinated 
suite of timeline visualizations was found to improve the speed and quality of dynamic replanning solutions in an 
Air Force airlift operations center (Scott, Roth, Truxler, & Wampler, 2009). Temporal displays specific for 
supervisory control of multiple unmanned assets have also been designed.  Hanson, Roth, Hopkins and Mancuso 
(2004) describe a task-based temporal interface for interacting unmanned vehicles teams that supports 
synchronization and analysis of mission plan changes. Cummings and Mitchell (2005) designed a decision support 
display that included timelines for each of four vehicles tasked with destroying time-sensitive targets. Color-coded 
blocks arranged along a timeline depict scheduled tasks (e.g., battle damage assessment, mission events, waypoints, 
windows of opportunity). 
 
The Air Force Research Laboratory (AFRL) is designing a temporal interface that includes a timeline-
based representation of missions and resource constraints for multiple unmanned vehicles (see Figure 1). The 
timeline window features a time scale at the top and a vertical “now bar” marking the current time. In the mission 
view, each horizontal bar represents the start and end times for a mission and the bar color denotes vehicle 
assignment. In the vehicle view, a horizontal line is devoted to each vehicle with symbology overlays pertaining to 
the tasking and status of vehicle (e.g., refueling needed, ready to deploy, performing a mission).  
 
Unfortunately, there are few research results and design guidelines for timeline displays to direct our 
efforts. As a start in addressing specific design issues related to our temporal interface development, we investigated 
the orientation of a timeline display, finding an advantage for a horizontal over a vertical orientation for providing 
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temporal situation awareness (Spriggs, Warfield, Calhoun, & Ruff, 2010). The study reported here addresses another 
design decision: how to portray the passage of time in a timeline display.  
 
The majority of timeline designs to date use a moving timeline with a fixed now bar to represent the current 
time (Figure 1A). The mission and event symbology move from right to left, passing through the now bar as the 
events actually occur. The fixed now bar creates a stationary frame of reference for the current time, which means 
the user can always glance at the same place on the display to see what events are imminent. However, there is also 
rationale for a stationary timeline with a now bar that moves from left to right (Figure 1B). A stationary timeline 
may make it easier to retrieve information and engage in mission planning, because the symbology remain fixed and 
only the now bar moves. Decisions such as which vehicle to assign to a new mission might be easier for an operator 
if the timeline and symbology representing planned events are fixed in place on the display. Of course, the now bar 
would eventually move off the screen, and a mechanism would be needed to reset the placement of the now bar so it 
remains continuously visible. 
 
 
     
 
  
 
Figure 1. Two ways of showing the passage of time in the AFRL timeline display.  Picture A illustrates a moving 
timeline with a stationary now bar, while Picture B shows a stationary timeline with a moving now bar. 
 
The utility of a moving versus a stationary timeline may be a function of how fast the displayed symbology 
moves.  With a display area of fixed size, movement speed can be manipulated by varying the time span represented 
on the time scale: the beginning of the time period (left side of the format) and end of the time period (right side of 
the format).  When the displayed time span is larger (for example, six minutes or greater), changes in the location of 
displayed symbology from moment to moment are relatively small.  When the time span is shorter (for example, 
three minutes or lower), changes in the location from moment to moment of displayed symbology, including text, 
occurs more quickly. Time spans under 10 minutes are relevant for supervising small unmanned vehicles.  
 
When the time span is three minutes and motion is more rapid, we predict speed and accuracy in judgments 
concerning temporal events will be poorer with a moving timeline compared with a stationary timeline.  The quicker 
movement of the symbology could make it more difficult to cull information of interest, compared with the 
stationary timeline, where the timeline symbology is fixed in place on the display and only the now bar moves.  
When the time span is six minutes, we predict there will be little difference between the stationary and moving 
timeline in how quickly and accurately participants judge temporal events. This is because the perceived speed of 
symbology movement is predicted to be negligible.  
 
Method 
 
Experimental Design 
 
Sixteen volunteer Air Force employees participated in this study (10 men, 6 women, mean age = 36.6 
years). All participants reported having vision correctable to 20/20 and normal color vision. Trials were blocked by 
movement type (moving timeline, stationary timeline). Within a movement type, participants experienced both 
movement speed conditions before experiencing the other movement type. The order of movement type was 
counterbalanced across participants and the order of movement speed was counterbalanced within movement type. 
Within each combination of movement type and movement speed, participants completed 8 trials, each with a 
different temporal format drawn from Spriggs et al. (2010). During each trial they answered 4 types of questions. 
Question order was not counterbalanced but each type of question appeared an equal number of times in each 
Now Bar  
(fixed in place) 
Timeline 
(moves to left) 
Now Bar  
(moves to right) 
Timeline 
(fixed in place) 
Vehicle 
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ordered position across trials. This resulted in a 2 (Movement Types) x 2 (Movement Speed) x 4 (Question Types) x 
8 (Replication/Format) within-subjects design. Participants answered a total of 128 questions within 32 trials. 
 
Movement Type. The passage of time was represented by either a moving timeline and timescale (with a 
stationary now bar), or a stationary timeline and time scale (with a moving now bar). Because symbology would 
normally emerge onto the format in the moving timeline condition as time elapsed, special measures were taken to 
try to equate the amount of visible symbology between the movement type conditions over the duration of a trial. 
The format appeared the same in either condition at the start of the trial. In the moving timeline condition, no new 
symbols appeared at the far right portion of the format as the timeline moved to the left. Missions that didn’t end 
within the trial period  were displayed as a single, thick line without overlaid symbology.  
 
Movement Speed. Speed was manipulated by changing the duration of the visible span of time, with the 
shorter time scale (164 s or 2:44 min) producing faster movement of symbology (2.63 mm/s or 9.73 pixels/s) 
compared with the longer time scale  (368 s or 6:08 min) which produced a slower speed (1.17 mm/s or 4.34 
pixel/s). A format appeared the same at the start of the trial in both speed conditions, the only difference being the 
span of the timescale represented.  
 
Question Types. Each of the eight formats provided sufficient information to answer four different types 
of questions (see Table 1). Each question involved one or more of three levels of situation awareness described by 
Endsley (1995). The types of questions are representative of some but not all envisioned operations in supervisory 
control of multiple unmanned vehicles. During presentation of a format, participants answered four questions (one 
question per question type). Questions appeared at varying intervals from the start of the trial (either 15, 20, 25 s 
since trial start). The period of time between subsequent questions was varied (20, 25, 30 s). Participants had 20 s to 
answer each question before it was removed and counted as a miss. Only one question was visible at a time. The 
duration of the trials/videos varied between formats (110, 115, 120 s) depending on the time when questions 
appeared and the period of time between questions. 
 
Table 1 
 
Question Types Posed with Temporal Formats, with Examples of Each Question Type. 
 
Mission Planning: Given a situation, what vehicle would be best to perform the mission? 
     “Which vehicle would you send to cover the ‘Escort Governor’ mission?”, “If vehicle 4 lost comm., which        
      vehicle would you send to cover its missions?” 
Counting: How many missions, events, vehicles are planned? 
     “How many vehicles are currently performing missions?”, “How many vehicles are currently deployed?” 
Next Event: What event will occur next? 
     “What vehicle will land next?”, “Which vehicle will next begin a new mission?” 
Event Time: What time will an event occur? 
     “What time will vehicle 3 land?”, “What time will vehicle 2 enter restricted space?” 
 
Procedure 
 
After completion of their informed consent to participate, participants reported background information and 
received a briefing on the temporal format symbology and experimental conditions. Next, two training trials were 
completed with the first assigned combination of movement type and speed. Participants were then shown their 
accuracy scores, as well as a briefing which explained, for all trials, why each candidate response was either correct 
or incorrect. Following this training, the first block of 8 experimental trials was conducted for the assigned 
movement x speed combination. These procedures were repeated for the three other blocks of movement type x 
movement speed trials.  
 
At the start of a trial, the participant observed a video showing a dynamic temporal format presented on a 
24 in diagonal flat screen liquid crystal display (1920 x 1200 pixels). During the playback of the video, the 
participant answered each of the four questions as they appeared by typing a number on the keyboard keypad. For 
three of the four question types, the correct answer was always a single digit. Event Time category questions 
required entry of a clock time, and the participant typed a six digit number conforming to hours, minutes, seconds 
(example: 120345 for 12:03:45). Response time for each trial was measured from the time the question appeared 
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until the answer was entered. Participants did not receive feedback on their performance during the experimental 
trials. After the end of the trial, the experimenter configured the software for the next trial. 
 
To reduce the likelihood that participants retained knowledge of format features, a fifteen-minute session 
was conducted between the second and third trial blocks that consisted of training and trials involving a different 
temporal display task on a touch screen monitor (not reported in this paper). After completion of all experimental 
trials, a questionnaire was administered asking participants to compare the two timeline movement conditions and 
movement speeds in terms of their ability to retrieve information and maintain situation awareness. Total session 
time per participant, including the fifteen minute alternate temporal display task, was approximately 2.5 hr.  
 
Results 
 
Accuracy and response time in answering questions during the presentation of dynamic timeline formats 
were analyzed as a function of movement type, movement speed, and question type. Overall, subjects were able to 
answer questions before the 20 s timeout nearly 100% of the time in both timeline movement conditions. The 
replication variable was found to have a high measure of internal consistency. For example, response time 
replication data had a Cronbach’s alpha = .980. As a result, data were collapsed across replications. The resulting 
performance data sets (accuracy and response time) were analyzed with a repeated measures Analysis of Variance 
(ANOVA) model. 
 
Accuracy 
 
Data for the percentage of questions answered correctly failed tests of normality and were subsequently 
transformed using root-arcsine. The data plotted are untransformed means. Average accuracy differed as a function 
of timeline movement type (F(1, 15) = 8.53, p = .011). More questions were answered correctly when the timeline 
moved (93.6%) compared with a stationary timeline (91.0%). Accuracy also differed as a function of movement 
speed (F(1, 15) = 12.88, p = .003), with questions answered more accurately when the timeline symbology moved at 
the faster speed (94.1%) compared with the slower speed (90.4%). The effect of question type was also significant 
(F(3, 45) = 30.29, p = .000). The post hoc tests showed that Mission Planning and Event Time questions were 
answered correctly more often on average than Counting and Next Event questions. 
 
There was a significant movement speed and question type interaction, F(3, 45) = 18.97, p = .000 (see 
Figure 2). The post hoc test showed that Next Event questions were answered correctly more often on average in the 
fast speed than the slow speed condition. The predicted interaction of timeline movement type and movement speed 
for the accuracy measure was not significant (F(1, 15) = 0.271, p = .610). 
 
 
 
Figure 2. Average percent correct responses for each question type as a function of movement speed. Error bars are 
the standard error of the means. MSN is an abbreviation for Mission. 
 
Response Time 
 Response time data also failed the normality test and were transformed using natural log. The data plotted 
are untransformed means. Average time to answer questions differed significantly based on question type, F(3, 45) 
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= 69.91, p = .000. Post hoc tests showed that response time was quickest with Mission Planning and Next Event 
questions, followed by Counting questions, and the slowest responses were with Event Time questions.  
 
There was a significant interaction between movement speed and question type, F(3, 45) = 3.74, p = .018 
(see Figure 3, left). Average response times were quicker on three of the four question types in the fast movement 
condition, notably Counting questions. There was also a significant interaction between movement type and 
question type, F(3, 45) = 2.91, p = .045 (Figure 3, right). In general, average response times to answer questions 
were quicker with the moving timeline. However, none of the post hoc tests for these interactions comparing the 
differences between question type and movement speed or movement type were statistically significant.  
 
 
 
Figure 3. Response time to answer question types as a function of movement speed (left), and movement type 
(right). MSN is an abbreviation for Mission. 
 
Discussion 
 
 In this study we predicted the type of timeline movement portraying the passage of time would impact 
speed and accuracy in answering questions about unmanned vehicle replanning situations and upcoming events. We 
evaluated two movement types. In one condition the timescale, vehicle events and mission events depicted on the 
timeline moved from right to left as time passed, and a vertical line denoting the current time (now bar) remained in 
a fixed place on the timeline format. In the other movement type, the timescale and events remained stationary in the 
format and the now bar moved from left to right as time passed. We predicted when the visual speed of movement 
on the timeline was relatively high, a moving timeline format would make it harder to retrieve information and 
interpret the timeline compared with a stationary timeline, where events remained in the same place and only the 
now bar moved.  
 
 Contrary to expectations, performance was superior with the moving timeline condition. Accuracy in 
answering questions was higher with a moving timeline. Response time was faster with the moving timeline 
condition, particularly on Mission Planning questions. One explanation for these results may be found in basic 
visual processes. The human visual system is very sensitive to motion and the interposition of objects may be easier 
to apprehend when there is apparent motion of objects against a fixed background (Dr. Scott Watamaniuk, personal 
communication, February 16, 2011). Watamaniuk noted there were multiple symbols in motion in the moving 
timeline condition and also multiple cues to a stationary reference. One intended reference was the now bar, but the 
surrounding interface and the Liquid Crystal Display panel itself also represented fixed, stationary frames. As a 
result, judgments such as the number and identity of missions and events, which ones will occur next, and which 
vehicles are available for new tasking, may be easier when there is an apparent visual flow of the timeline 
symbology against a stable background. In regards to the subjective data, participants’ impressions were also aligned 
with the performance data. For instance, participants were asked to rank their preferences for each combination of 
movement type and speed of motion conditions. Inspection of the rankings suggests that movement type influenced 
rankings more than movement speed. Twelve of 16 participants indicated that having the timeline move was 
preferred over a stationary timeline.  
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Although there was no significant interaction of movement type and movement speeds, faster movement 
speeds produced superior performance. There did not appear to be a speed-accuracy tradeoff. Figure 2 shows 
accuracy was higher at the faster speeds, particularly with Next Event questions which were correctly answered 16% 
more often in the fast movement condition.  Figure 3 shows response time was also quicker in the faster timeline 
speed compared with the slower speed, notably for Counting questions (delta=0.8 s) and Mission Planning questions 
(delta=0.4 s). We attribute this performance improvement to increased urgency and task engagement afforded by 
faster movement in both the moving timeline and stationary timeline conditions.  
 
Other interesting findings are performance differences between question types. Mission Planning questions 
were answered significantly more quickly and accurately than others. This trend is opposite to what was found in a 
previous study looking at orientation of a timeline (Spriggs et al., 2010). The same format content and many of the 
same questions were used in both studies, and yet Spriggs et al. found the planning questions were answered least 
accurately and most slowly. We postulate three possible reasons for this. First, participants in the previous study had 
an average of 52 s exposure to each format across trials. In the current study, participants had approximately 8 min 
exposure to a particular format across trials. We believe Mission Planning questions to be relatively difficult to 
answer when exposure time is low, and the much greater exposure time in the present study assisted with diagnosing 
vehicle availability in order to answer questions. Secondly, the earlier study only used static formats without any 
visible movement, and so the presence of movement may improve ability to diagnose vehicle availability. Finally, 
the present study used a different question-answer paradigm. The timeline format was continuously visible during 
the question-answer process, while in Spriggs et al., the format was removed when participants indicated they were 
ready to answer the question.  
 
A possible future study to explore these issues could replicate the current study, but vary exposure time and 
include a third timeline speed condition where there is very little visible movement in the timeline format 
(manipulated by a long time scale in the timeline). This study would help us to better understand whether it is the 
presence of movement, longer exposure time, or a combination of both which aid Mission Planning decisions. 
Results from such a study should provide insights into which method for portraying the passage of time is better, 
depending upon whether the supervisory control application uses a timeline as a primary display versus a secondary 
display. In the latter, information is retrieved via short glimpses which may mitigate any value of temporal flow.  
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